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On :he Structure, Distribution, and Functions of the Nerves. 119 

Poitiers by M. Boisgiraud, had the appearance of a beautiful 
tMling star, that left after it a luminous rectilinear train, con- 
taining a bright point ; the inferior extremity of which took a 
spiral figure, its brillianey gradually decreasing, and became 
divided into two branches : one of these gradually diminished 
to the point just mentioned; and this became slowly extin- 
guished, in a quarter of an hour after the first appearance of  
the ph0enomenon. The  third phmnomenon of  this nature I 
have alluded to was observed at Paris by MM. Gay-Lussac 
and Berthier : it was a large and beautiful luminous serpen- 
tine train of light, as thiek as the wrist, oeeupying a spaee of 
about thirty degrees, and likewise eontaining a luminous point 
at the lower ex t remi ty ; i t  continued full five minutes. At 
Caen this meteor appeared to descend vertically, giving out a 
light equal to that of brilliant lightning, throwing out sparks, 
and leaving a long, luminous, undulating tail filled with 
sparks. 

[To be eontinued.] 

X IX .  Analyses of  a Series of  Papers on the Structure, Distribu- 
tion, and Functions of the Nerves; bjl CI-IARLES BELL, JEsq. ; 
which have appeared in some late Volumes of the Philosophical 
Transactions. 

[Continued from p. 50.] 

F I:~OM the analysis which we have given of Mr. Bell's first 
paper in the Philosophical Transactions, strong evidence is 

afforded of there being two distinct sets of  nerves in the body, 
the one regulating the respiratory apparatus and all the mus- 
cles and parts which are brought into assoeiate ~etion with it; 
the other being museular nerves ordering the voluntary mo- 
tions of the frame, and endowing the surfaces of the body with 
common sensibility. This evidence was supplied from a de- 
tail of his experiments and observations on the nerves of the 
face; and as he confined himself as strictly as possible to these 
nerves in particular, the following experiments and observa- 
tions on the nerves of the trunk are not a mere continuation 
of the same subject, but also a confirmation of his new views 
respecting the arrangement of the nerves in general. The  at- 
tention of our readers must therefore be called to the nerves 
of the trunk, or to those which associate tlle muscles of the 
chest, in the actions of breathing, speaking and expression, 
as distinguished from those nerves which, though intimately 
blending themselves with them, are nevertheless destined for 
a different fimction altogether : and that our readers may bear 
with the detail into which it will be necessary to enter, they 

must 
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1'20 Analjlses of a Series of Papers, by Mr. C. Bell, 

must receive the author's assurance, " that already practical 
benefits have resulted from the tbrmer paper; that the views 
presented there, as connected with general science, being car- 
ried into practice, have enabled the physician to make more 
accurate distinctions of disease, and the surgeon, in removing 
deformity, to avoid producing distortion," 

Of the Motions of the Thorax, as affording a Ke~d to the Intri- 
caqq of its Nerves. (Phil. Trans. 1822). 

By enumerating.the uses of the compages of bones and 
muscles which constitute the walls of the thorax, we are made 
sensible ot" the extent of the respiratory actions, and that they 
in fact extend over the whole face and neck and trunk ; and 
how the inechanism of the thorax, or rather the respiratory 
apparatus generally, affects the arrangement of the whole 
nervous system. The uses of the thorax, independently of 
affording support and protection to the heart and lungs, and 
the viscera of the higher region of the abdomen,, being, lst,. to 
alternately oppose, and yield to the weight of the atmosphere, 
thus producing respiration: 2dly, to manifest an occasional 
increase and agitation commensurate to the excited state of 
the animal frame when additional muscles are brought into 
action: 3dly, to produce natural voice and articulate lan- 
guage: 4thly, to exhibit the emotions and passions of the 
mind : 5thly, to join with the muscles which move the car- 
tilages of the nose in the act of smelling, which is as necessary 
to the sense of smelling as the act of expiration is to the 
production of speech: 6thly, to give power to the arms in 
voluntary action; seeing that this is in a great measure de- 
pendent upon the expansion of the thorax, inspiration being 
always combined with sudden and powerful exertion. 

Origins df  the respiratorJI Nerves. 
In all animals which have ribs rising and falling by respi- 

ratory muscles, we find a medulla s pinalis and the distinction 
of cerebrum and cerebellum: and experiment and observation 
prove that the extended act of respiration is controlled by a 
power seated in the lateral portions of the medulla oblongata, 
and continued from thence through certain respiratory nerves 
passing out from the neck, and through the intercostal nerves 
also lower down in the spine. 

But the associated actions of respiration depend upon cer- 
tain nerves which arise very nearly together, though in a line 
or series, from a distinct cohunn of the spinal marrow: this 
column or track of medullary matter is a continuation of the 
corpus retifo,~ne, which is situated just posterior to the co~ns 
olivare, -rod may be traced down the spinal marrow betwixt 

the 
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on the Structure, Distribution, and Eanctions of the Nerves. 1~21 

the sulci, that give rise to the anterior and posterior roots 
of the spinal nerves. From this narrow medullary column 
arise in succession from above downwards, the portio dura 
of tlle 7th nerve;  the glosso-phar~ngeus nerve; the nerve 
of the par vagum ; the nervus ad par vagum accessorius ; the 
phrenic and tile external respiratory nerves: these latter 
nerves, though coming out with the cervical, do in all proba- 
bility take their origin from the same portion of the medulla 
spinalis with the accessory nerve. Wi th  regard to the inter- 
costal nerves, or those which actuate the intercostal muscles, 
they by tileir relations with the medulla oblongata are equal 
to the peribrmance of respiration as it regards the office of 
the lungs ; but they are not adequate to those additional func- 
tions which are in a manner imposed upon the respiratory ap- 
paratus, when they are brought to combine in other offices. 

Of lhe Muscles qf  tlze Trunk, which are brought in aid of the 
common respiratory Muscles. 

I t  is not difficult to discover what muscles are best calcu- 
lated by their situation and direetion to assist in tim motions of 
the chest, when there is increased or excited action ; nor less 
so to assign a use to the nerves which supply these muscles 
exelusively. These nerves are not only remarkble on this ac- 
count, but also from their having the same origin. 

In this inquiry it is necessary to observe, th-~t the llfe of 
animals is protected by a particular sense which gives rise to 
an instinctive motion of drawing the breath, by which the chest 
is suddenly and powerfully expanded, on exertion or alarm. 
The start on sudden alarm is aceompanied with a rapid ex- 
pansion and rising of the chest; and the voice, at such a 
moment, is produced by suddenly inhaling, and not by ex- 
piration ; and this expansion of the chest combines with the 
preparation for flight or defenee, since the extension of the 
muscles lying on the breast and back is produeed by this mo- 
tion, and since they are thereby rendered more powerful in 
their influence upon the arms or anterior extremities. 

It  cannot escape observation that oppression and difficulty 
of breathin~ is exhibited in n-aspine and forcible inspiration, in 
drawing the breath, not i n  throwing it out:  accordingly we 
find that the muscles above alluded to are powerthlly in- 
fluenced in deep inspiration, whether the action be voluntary 
as in speech, or involuntary as in the last efforts of life, when 
sense is lost; they are the mastoid muscle, the traTezius, the 
serratus magnus, and the diat~hragm. 

1. Sterno-cleido-mastoideus. This muscle by being attached 
Vol. 64. No. 316. Aug. 1824. Q to 
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l O.~2 Analgses of a Series of  Papers, b 9 Mr. C. Bell, 

to the sternum or breast-bone, raises or heaves the chest; and 
the operation of this muscle is very evident in all excited states 
of  respiration, in speaking, and still more in singing, coughing, 
and sneezinL~. But there is something- necessary to the fnil 
effect of th ismuscle  oa the chest; for~otherwise it will be a 
muscle of the head, and not of  the chest. 

2. The  trapezius must fix the head or pull it backwards be- 
fore the mastoideus can act as a respiratory muscle; and how 
they are combined we shall presently see. 

The  position of the head of the asthmatic during the fit, as well 
as the posture of the wounded or the dying, proves the influence 
of the upper part of the tra]~ezius in excited respiration. 

3. The  serratus magnus anticus, being extended over the 
whole side of the chest, and attached in all the extent from 
the 2d to the 8th rib, is very powerful in raising the ribs ; but  
it cannot exert  this power independently of the trapezius; 
since, without its combination, its force would be exerted in 
moving the scapula, and not the ribs: unless the scapula be 
fixed, or pulled back by file trapezius, the serratus is not a 
muscle of respiration. 

In this manner do these three powerfid muscles hang to- 
lgether in their action, combining with the diaphragm to Ch- 
arge the cavity of the chest in all its diameters; and to these 

muscles are distributed in a peculiar manner the nerves which 
may thence appropriately be termed the respiratory nerves of 
the chest. 

The Anatom 3 of  the resfiirator 9 Nerves of the Trunk. 
1. The  Threnic takes its origin or proceeds from the fourth 

cervical nerve, a more slender branch joining it from the 
third cervical; it also has connexions with the nervus vagus, 
the lin£~aalis medias, and at the same time gives off a branch 
to the la~gnx. Its t runk descends into the cavity of the 
thorax, givin off' no branches till it diverges and disperses 

g . . . 

itself in the substance of  that muscle: the ~rritatmn of this 
nerve convulses the diaphragm, and cutting it across paralyses 
it ; the connexions moreover which we have enumerated would 
mark its relations. 

2. T]w external respirator~ nerve of  the thorax is a counter- 
part  of the former, or internal respiratory; it proceeds from 
the cth and 5th cervical, like the phrenic, and is often con- 
nected with it. This nerve descends as a distinct flat trunk 
upon the outside of the chest to be distributed exclusively to 
the serratus magnus anticus. This muscle has nerves coming 
to it from the spinal marrow besides, because it has to com- 

hine 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
0:

03
 2

7 
Ju

ne
 2

01
6 



on the Structure, Distribution, and ~'unctions of  ttze Nerves. 123 

blue in the motions of the frame in locomotion; the former 
nerve, however, by its influence renders it a muscle subser- 
vient to the production of full inspiration. 

3. The  spinal accessoT~ nerve is particularly an object in 
this paper. It  is called the superior respiratory nerve of the 
trunk, and its anatomy demands attention because it leads in 
a most conclusive manner to a knowledge of its functions. 

I t  arises from the cervical portion of file spinal marrow; but, 
different from the two former, which collect their branches to 
go out by the side of the vertebrm, it shoots upwards within 
the theca of the spinal marrow, enters the skull through the 
foramen magnum, and joins t h e T a r  vagum; whence it bears 
the name of accessory: the roots of this nerve are seen issuing 
from the spinM medulla as low down as file eth cervical nerve, 
not fi'om its anterior or posterior column, but from flint be- 
fore mentioned which lies betwixt the posterior roots of the 
cervical nerves and the ligamentum denticulatum. Its origins 
are therefore situated in one line, which is in the direction 
of the roots of the eighth pair and of the portio dura or respi- 
ratory nerve of the face. I t  is attached in its ascent to the 
posterior root of the first cervical nerve. 

W he n  it has entered the skull, it is associated with the 
nerves constituting the par vagum, being contained in the same 
sheath with them; they all go out through theforamen lacerum 
by the side of the jugular vein. In this course the accessory 
nerve divides into two branches, one of which joins filaments 
of the par vagum, and these again send nerves to the glosso- 
yha~:qngeal nerve, and sometimes a branch is seen going to 
the tingualis medius. The  more exterior branch descends be- 
hind the jugular vein, and comes forward and perforates the 
mastoid muscle, to which it furnishes filaments invariably. 

On escaping from the mastoid muscle, it communicates with 
a branch of the 3d cervical and receives one from the 2d : it 
now descends upon the neck and disperses itself to the tra- 
Tezius, by many subdivisions, one of which is increased by a 
tong descending branch of  the 2d cervical nerve; this branch 
so enlarged passes under the tra2ezius , attaches itself exclu- 
sively to the trapezius, and is again joined by branches from 
the spinal nerves behind the clavicle, where it forms a sort of 
imperfect plexus, and is finally dispersed among its fibres. 
Thus do we see that this nerve may with strict propriety be 
termed the superior res]~irator~ nerve of  the trunk; for it lavishes 
all its branches on the mastoid and trapezius muscles solely, 
after taking a circuitous course to form a junction with the 
par vagum and with the nerves of the tongue and Tha*2/nx; 

Q 2 and 
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124. Analgses ~'a Series of Papers, by Mr. C. Bell, 

and sends branches to the largnx in company with the 
branches of the par vagum. 

The author next proceeds to take a comparative view of 
these nerves, and shows that they accommodate themselves to 
the form and play of the organs of respiration, under all their 
modifications, as presented by various animals, birds, and 
fishes; whence he very justly forms a conclusion that they are 
all respiratory nerves, even though they may be found to vary 
in their course of distribution. A remarkable example of 
which is afforded by the nerves of the neck in birds. In them 
the bill precludes the necessity of the portio dura going for- 
ward to the nostrils and lips ; the nerve turns backwards, and 
is given to the neck and throat; and it is particularly worthy 
of remark, that the action of raising the feathers of the neck, 
as when the game cock is theing his opponent, is taken away 
by the division of this nerve. 

71Tze l~owtions of these Nerves j}o'ther illustrated. 
The lower extremity of the mastoid muscle being fixed 

when we move the head, and the reverse being the ease when 
we employ it in inspiration, render it evident to every one 
that it has two motions. The same is confirmed by attending 
to the actions of snuffing and smelling, .ts, by placing the fin- 
gers on the portions of the mastoid muscles which are attached 
to the sternum, we shall find every little motion of the nostrils 
accompanied with corresponding actions of the sternal por- 
tions of the muscles in the neck. 

A man having complete hemiplegia, the side of his face 
relaxed, the arm hanging down powerless, and the leg dragged 
in walking, we were curious to know if the influence (or rather 
the want of it) pervaded all the nerves of the side, or only the 
regular or voluntary nerves. Some trouble was taken to make 
him heave up the shoulder of the debilitated side; but to no 
purpose, He  could only do it by bending the spine to the other 
side, and as it were weighing up the paralytic shoulder. But 
on setting him fairly in front, and asking him to make a full 
inspiration, both shoulders were elevated at the same time 
that both the nostrils were in motion. The respiratory nerve 
of the face, and the superior respiratory nerve, were entire 
in their office; and, although the regular system of nerves 
refused acting, the sterno-mastoideus and tim trapezhts partook 
of their share in the act of respiration. 

The mastoid muscle being supplied with both sets of nerves, 
that is to say, voluntary and respiratory, the former would 
appear to join in producing the voluntary motion of the head, 

and 
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on the Structure, Distribution, and Functions of  the Nerves. 1 ~5 

and the latter in raising the chest; and this is confirmed by an 
experiment consisting in the division of the superior respira- 
tory nerves of the ass during the time of excited respiration, 
the consequence of which is the cessation of the increased 
respiratory action, and relaxation of tim sterno-maxillaris 
and sterno-vertebralis muscles, which answer to the mastoid in 
man; and this relaxation continues until the animal brings 
them into action as voluntary muscles. 

An ass being thrown, its phrenic nerves were divided, on 
which a remarkable heaving of the chest took place. I t  rose 
higher, and the margins of the chest were more expanded at 
each respiration. There was no particular excitement of the 
muscles of the neck, shoulder, or throat, at this time ; so that 
to excite the actions of these muscles, it was necessary to com- 
press the nostrils. W h e n  they began to act with more vio- 
lence, keeping time witil the actions of the other muscles of 
respiration, the superior respiratory nerve was divided; im- 
mediately the action ceased in the muscles attached to the 
sternum of the side where the nerve was divided, while the 
corresponding muscles of the other side continued their ac- 
tions. 

I t  is well known that on tlle division of the spinal marrow 
between the cervical and dorsal vertebrae, the respiration is 
continued by the diaphragm. The phrenic nerves being first 
divided, and then the spinal marrow cut across at the bottom 
of the cervical vertebrm, respiration was stopped in the chest; 
but there continued a catching and strong action at regular 
intervals in the muscles of the nostrils, face, and side of the 
neck. These actions ceased also after a time, but were re- 
newed upon reanimating the animal by artificial breathing, 
which was done several times, the animal however remaining 
insensible. 

This class of nerves indicated, by stimulating them after 
death, a power of retaining their lith the longest. 

To avoid the unnecessary repetition of experiments, the 
author states tlle facts which have been ascertained by the 
exertions of others respecting the remaining nerves of this 
class. Thus the voice is destroyed by dividing the recurrent 
branch of the par vagum. The consent of motion between 
the muscles of the glottis and those of the chest, is lost by the 
division of the laryngeal branch of the Tar vagum. An in- 
jury of the par vagum produces difficulty of breathing. 

Although the regular succession of spinal nerves be equal 
to the raising and depressing the thorax, and essential to re- 
spiration, still they are not competent to the performance of 
the motions of the glottis, pharynx, lips, and nostrils; which 

several 
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126 Analyses of a Series of Papers, by Mr. C. Bell, 

several parts are neeessarily influenced in excited respiration, 
as well as in the acts of smelling, coughing, sneezing, and 
speaking: for these, the co-operation of" thewhole  extended 
class of respiratory nerves is required. 

Of Pathology, as illustrated by a Knowledge of the resTirato~ 9 
System of Nerves. 

From all that has been said, it may be seen of what import- 
anee this system is to the continuance of life. The infant 
born without a brain can breathe if  the origins of these nerves 
be entire. Wounds  in the spine below these origins are not 
immediately fatal ; but when inflicted on the part of the me- 
dulla oblongata giving origin to them, they cause instant death 
by suppressing at once the act of respiration in the nostrils, 
throat and wind-pipe, and the action of the muscles both with- 
out and within the chest. A young man was taken to the 
Middlesex Hospital, who had fallen upon his head. He  soon 
recovered, and lay for some time in the hospital without ex- 
hibitin,_r a symptom to raise alarm. He  had given thanks to 
the assembled governors of the hospital; and when he re- 
turned to his ward to bid adieu to the other patients, he fell, 
and in the instant expired. I t  was found, on examination of 
his head, that the margins of the occipital hole had been 
broken ; so that on turning his head the pieces were displaced, 
and closed and crushed the mednlla oblongata as it passes from 
the skull. 

A man was trundling a wheel-barrow in the street, and 
wishing to turn off the carriage way on to the flag-stones, he 
met with that resistance which obliged him to make several 
ef[brts to overcome it ; at length drawing back the wheel-bar- 
row he made a push, and succeeded : but the wheel running 
forwards, he fell, and remained motionless, and was found to 
be quite dead. The tooth-like process of the ~d vertebra of 
the neck had burst from the transverse ligament of the first. 
The impulse given to the head had done this violence, and 
had at the same time carried forward the spinal marrow against 
the process, on which it was crushed. 

Disease influences these nerves differendy from the other 
division of the nervous system. Their functions are left en- 
tire when the voluntary nerves have ceased to act, and they 
are sometimes strangely disordered, while the mind is entire in 
all its offices, and the voluntary operations perfect. In tetanus 
the latter are affected, and locked up in convulsions; in hy- 
drophobia the former; hence the convulsions of the throat, 
the paroxysms of  suffocation, the speechless agony, and the 
excess of expression ill the Whole fi'ame, while the voluntary 

motions 
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on the Sh'ucture, Distribution, and Functions of  the Nerves. 127 

motions are free. Angina Tectoris would seem to proceed 
from an influence extending over these nerves and inter- 
rupting the vital operations *; and since we have seen that the 
division of a branch of the respiratory nerve of the face de- 
prives it of  all participation in the act of  respiration and of 
all expression, we may ask, what would be tile result of  a 
more universal defect in the actions of this class of  nerves but 
sudden death? 

T h e  par vagum being the great central nerve of  this system 
and supplying the stomach, accounts for that extraordinary 
effect produced by a blow unexpectedly received on that re- 
gion, which is a gasping for breath, and in some instances 
sudden death. The  position of a patient under a fit of asthma, 
together with the other striking symptoms which mark its 
presence, indicate that this system of nerves is under inordi- 
nate influence. 

The  actions of  sneezing and coughing, instead of being ir- 
regular or of  the nature of  convulsion, are an admirable pro- 
vision for getting rid of  irritating substances offending the air- 
passages ; the extremity of  one of the respiratory nerves be- 
ing irritated occasioning all the muscles of  respiration to be 
brought into action ; the consideration of the many litde mus- 
cles which require adjustment to produce the necessary changes 
in the direction of the stream of air for the above-mentioned 
purpose, must lead to the conclusion of the action being in- 
stinctive, ordered with the utmost activity, and very diffbrent 
from convulsion. 

I t  was shown in the last paper, that the respiratory nerves 
of the face were essential to the actions of  smiling, laughing, 
and weeping, as expressed in the countenance : it only remains 
to add, in the present one, that this applies equally to the same 
order of  actions which takes place in the trunk, these being 
produced so very distinctly under those conditions of the mind, 
and precisely at the same time. 

These respirator 9 Nerves are Organs of  Ex2ression. 

W e  are now enabled to conceive why, in terror, a man 
stands with eyes intently fixed on the object of  his fears; the 

* Hysterical disorders also influence this system ; and admitting that ir- 
ritation reaches to the respiratory system, we may perceive how rapidly 
the change may be produced, from the convulsions of laughter to those of 
crying: this explains also the subrisus which arises from abdominal irrita- 
tion, and the sardonic retraction of the muscles of the face produced by 
wounds of vital parts, aml particularly of the diaphragm, together with the 
successive convulsive lifting of the shoulders accompanying wounds of the 
latter muscle. 

eye- 
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128 On the Structure, Distribution, and Fu~wlions of the Nerves. 

eye-brows elevated, and the eye-balls largely uncovered; or 
why, with hesitating and bewiklering steps, his eyes are rapidly 
and wildly in search of something. His mind we know is 
intent upon the objects of his apprehensions, and manifests a 
direct influence upon the outward organs. I f  we observe him 
further, there is a spasm at his breast; he cannot breathe 
freely; the chest remains elevated, and his respiration is short 
and rapid: there is a gasping and convulsive motion of his 
lips ; a tremor on his hollow cheeks ; a gulping and catching 
of his throat ; his heart knocks at his ribs, while yet there is no 
force in the circulation, the lips and cheeks being ashy pale. 

The same ph0enomena are presented by grief: indeed the 
respiratory nerves of the trunk, in like nmnner as those of the 
face, are the instruments of expression, from the smile upon 
the infant's cheek to the last agony of lif~. I t  is when the 
strong man is subdued by the mysterious influence of soul on 
body, and when the passions may be truly said to tear the 
breast, that we have the most afflicting picture of human frailty, 
and the most unequivocal proof that it is the order of func- 
tions which we have been considering that is then affected. 
In the first struggles of the infant to draw breath, in the man 
recovering from a state of suffocation, and in the agony of 
passion, when the breast labours from the influence at the 
heart, the same system of parts is affected, the stone nerves, 
the same muscles, and the symptoms or characters have a 
strict resemblance. 

Upon a careful review of all that has been said, the author 
has made it appear, that instead of the ]Jar vagum being the 
only respiratory nerve, it is in fact the central one of a system 
of nerves of great extent ; and, further, that the vital organs of 
circulation and respiration do not, as has been supposed, de- 
pend chiefly upon the influence of the sympathetic nerve, but 
that riley have an appropriate system; which, extricated as it 
now is from tile confusion that encumbered it, may be seen to 
be superadded to the comnmn animal attributes of" feeling and 
agency : through this system we see as it were engrafted upon 
and superadded to the original nature, higher powers of 
agency corresponding to our condition of mental superiority: 
these are not the organs of breathing merely, but of natural 
and articulate .lan uage also,, and adapted to the expression 
of sentiment, m ~t~e workings of the countenance and of the 
breast, that is, by signs as well as by words. So that the breast 
becomes the organ of the passions, and bears the same rela- 
tion to the development of sentiments, as the organs of the 
senses do to the ideas of sense. 
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